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deal, though absolutely determined, is not determined in any way
in relation to the desires of the players or the rules of the game
which is to be played with the cards after they are dealt. Any
tendency for variations to appear because they would be useful
to the organism would demand some agent who would have the
function in the card game of arranging the cards before each deal
in the interests of the game or of individual players. Genetic
variations are random in that they occur by chance in relation to
the needs of the organism, or to the use which the organism will
make of them. They are of course caused, but the needs of the
organism, or the uses to which they will be put, are not part of
the cause. This notion is so familiar to biologists that only
experience of the difficulty which persons unfamiliar with biological
modes of thought sometimes have of appreciating the meaning of
random variation can excuse the introduction of such an elementary
matter.

It must be noted, also, that while the word 'random7 implies
that variation may take place in every possible direction, it docs
not imply that it may take place in every imaginable direction.
For the genes certainly have a very complex physico-chemical
structure, and the ways in which this can change without destroy-
ing their essential character must be limited. Moreover, the
possible ways in which the course of morphogenesis can be altered
must also be limited. Further knowledge on these matters is
likely to clear up many of the uncertainties at present confronting
the biologist who tries to picture the detailed operation of the
factors which have brought about evolution.

Although not dependent upon the modern system of genetics,
and historically preceding it, the conception of random variation
is now interpreted in terms of mutation1 of genes, of their
segregation and recombination in every act of sexual reproduction,
and of their rearrangements within the chromosomes. There can
be no question of gene mutations, recombinations, and rearrange-
ments being in any way caused by the needs of the organism or

1. In discussions of evolution by persons not familiar with the modern system of K<?noti<'8,
a mutation, is often taken to be a 'sport,' the sudden appearance of a markedly iliHVrni
of the organism. This idea is largely based on the notion that the so-called jmi
studied by de Vries in the evening primrose are typical. It is now known that bin mu,
were not mutations in the modern sense at all, but partly due To a peculiar fo
segregation from the heterozygous Oenothera Lamarckiana, and partly due to ch.m
chromosome numbers due to defects in the process of mciosis. In the modern nc
mutation is the change of a gene into a new form or allelomorph of the tfom',
rearrangement of the genes in the chromosome; the modification of the process of cml
development, and therefore of adult structure, produced by the new form of the flcne c
may be small or great.
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